1. Introduction {#s0005}
===============

Although cancers are diverse in etiology and type, most cancer cells share the hallmark of metabolic reprogramming \[[@bb0005]\]. A well-defined metabolic transformation in cancer cells is the switch from an oxidative to a glycolytic phenotype. Moreover, cancer cells exhibit increased glutamine metabolism and fatty acid (FA) synthesis \[[@bb0010],[@bb0015]\]. The role of intracellular lipolysis in cancer cell proliferation and metabolism has gained significant attention \[[@bb0020],[@bb0025]\].

Intracellular lipolysis describes the biochemical pathway that is responsible for the hydrolysis of intracellularly stored triglycerides (TGs). The sequential process involves at least three enzymes and numerous regulatory proteins resulting in the formation of glycerol and FAs \[[@bb0030]\]. Although most active in adipocytes, lipolysis occurs also in all other cell types. Within these non-adipose cells, the released FAs are incorporated into membranes, serve as signaling lipids, or energy substrates. Adipose triglyceride lipase (ATGL) initializes the lipolytic breakdown of TGs by converting TGs to diglycerides (DGs) and FAs \[[@bb0035]\]. Comparative gene identification-58 (CGI-58; also called α/β-hydrolase domain-containing 5 or ABHD5) activates ATGL activity \[[@bb0040]\] while G0/G1 switch gene 2 (G0S2) and hypoxia-inducible gene 2 (HIG2) inhibit the enzyme \[[@bb0045],[@bb0050]\]. The subsequent step in lipolysis is catalyzed by hormone-sensitive lipase (HSL) hydrolyzing DGs to monoglycerides (MGs) and FAs. Finally, MGs are hydrolyzed to FAs and glycerol by monoacylglycerol lipase (MGL) or alpha/beta-hydrolase domain containing 6 (ABHD6) \[[@bb0030],[@bb0055]\].

Unlike studies focusing on MGL or ABHD6 unanimously assuming a positive correlation between MG hydrolase activity, tumor growth, and malignancy \[[@bb0060], [@bb0065], [@bb0070], [@bb0075], [@bb0080], [@bb0085]\], similar studies on the role of ATGL in cancer biology are less conclusive. Some studies suggested that ATGL acts as an oncogene in prostate cancer, colon cancer, hepatic cancer, and non-small-cell lung carcinoma (NSCLC) \[[@bb0090], [@bb0095], [@bb0100], [@bb0105]\]. The underlying molecular mechanism has only been demonstrated for NSCLC, where reduced ATGL expression altered TG catabolism and AMP-activated protein kinase (AMPK) signaling leading to apoptosis \[[@bb0100]\]. Other studies, obtained opposing conclusions showing that ATGL expression is downregulated in several cancer types and that mice lacking ATGL spontaneously develop pulmonary neoplasia \[[@bb0110],[@bb0115]\]. In support of a tumor suppressor function of lipolysis, adipose-specific disruption of ATGL and HSL caused liposarcoma in mice \[[@bb0120]\]. The most recent study in colon and cervical cancer suggested that CRISPR/Cas9 mediated ATGL knockdown does not affect cancer cell proliferation or tumor growth \[[@bb0045]\].

Other studies investigated the role of ATGL-coregulators, particularly CGI-58 and G0S2, in malignancy with conflicting results. Loss of CGI-58 increased cancer incidence of both colon and prostate cancer \[[@bb0095],[@bb0105],[@bb0125]\]. The potential tumor suppressor role of CGI-58 was ascribed to ATGL-independent functions of CGI-58 \[[@bb0095],[@bb0105],[@bb0125],[@bb0130]\]. Inconsistent results on the ATGL-G0S2 axis were reported in lung cancer. While the tumor suppressor role of G0S2 attenuating NSCLC cell proliferation depends on its inhibitory effect on ATGL \[[@bb0100]\], other studies concluded that the role of G0S2 in cancerogenesis is independent of ATGL \[[@bb0135],[@bb0140]\]. Recently, another coregulator of ATGL, HIG2, has been identified to enhance cancer cell survival by inhibiting ATGL under hypoxic condition \[[@bb0045]\].

In view of these inconsistent findings, we revisited the role of ATGL in proliferation and metabolism of six cancer- and non-cancer cell lines by silencing or overexpressing ATGL and determine cell proliferation rates and parameters of lipid and glucose metabolism. We show that ATGL enzyme activity inversely correlates with the proliferation rate of mouse embryonic fibroblasts (MEFs) and various cancer cell lines suggesting a tumor suppressing role for the enzyme.

2. Materials and methods {#s0010}
========================

2.1. Cell lines and drugs {#s0015}
-------------------------

Mouse embryonic fibroblasts (MEFs) were isolated from wild type (WT) mouse embryos or embryos globally lacking ATGL (AKO). Briefly, head, limbs, and organs of embryos (day 13) were removed using sterile forceps in 100-mm plates containing phosphate-buffered saline (PBS). The carcass was transferred to Dulbecco\'s modified eagle medium (DMEM, \#41966, Thermo Fisher Scientific, Waltham, Massachusetts, USA), minced with a razor blade, and mechanically lysed 3--4 times using a 21-gauge needle. Cells were seeded in 0.1% gelatin coated 100-mm cell culture plates and cultivated in DMEM containing 10% FCS, and 100 IU/l penicillin, and 0.1 mg/l streptomycin. MEFs were grown until \~80% confluence and frozen in 10% DMSO at −80 °C for further experiments. Stromal vascular fraction (SVF) were isolated from inguinal white adipose tissue (WAT) of WT or AKO mice. Briefly, WATs of the sacrificed mice were excised using scalpel and minced into fine pieces. Minced samples were placed in DMEM medium. Collagenase type 2 (Worthington) was added into the tissue suspension at a final concentration of 2 mg/ml. Samples were incubated in an orbital shaker at 37 °C for 1 h. Once digestion was completed, samples were passed through a sterile 70 μm cell strainer and centrifuged at 1,000*g* for 5 min. The cell pellets were suspended in 5 ml of red blood cell lysis buffer for 3 min at room temperature and then washed three times using PBS. The cell pellets were collected as the SVF. Cells of SVF were seeded in 0.1% gelatin coated 100-mm cell culture plates and cultivated in DMEM containing 10% FCS, and 100 IU/l penicillin, and 0.1 mg/l streptomycin. Cells were grown until \~80% confluence for further experiments. Tumorigenic precursor B cell lines were established using murine stem cell virus derived vectors (pMSCV) that carried the human bcr-abl p185 oncogene. Essentially, mouse bone marrow (BM) was isolated from either WT or AKO animals at 4--8 weeks of age. BM was incubated with pMSCV-bcr-abl p185/IRES-GFP virus preparations in growth factor enriched media as described by Sexl et al. \[[@bb0145]\]. After 2--3 weeks, the outgrowth of immortalized cells was monitored. Proliferating cell populations were passaged every 2--3 days for 2--3 months, until stable proliferation was monitored. pMSCV-bcr-abl p185/IRES-GFP virus uptake was verified by GFP fluorescence. B16-F10 (ATCC\# CRL 6475™), C26 (kindly provided by Graham Robertson, Anzac Institutes, Sydney), CT26 (ATCC\# CRL 2638™), LLC (ATCC\# CRL-1642™), HepG2 (ATCC\# HB-8065™) cells, and WT/AKO transgenic precursor B cell lines were cultivated in RPMI 1640 medium (\#A10491-01, Thermo Fisher Scientific). All media were supplemented with 10% fetal bovine serum (Thermo Fisher Scientific), 100 IU/l penicillin, and 0.1 mg/l streptomycin. At 70--80% confluency, cancer cells were used for experiments.

Cells were treated with Atglistatin© (40 μM, University of Technology, Graz, Austria), HSL inhibitor (Hi 760079, 25 μM, Novo Nordisk, Denmark), MGL inhibitor (JZL184, 20 μM, Cayman Chemical, Ann Arbor, USA), 5-fluoro-2′-deoxyuridine (10 μM, Sigma-Aldrich, St Louis, Missouri, USA) and uridine (10 μM, Sigma-Aldrich) dissolved in Dimethylsulfoxid (DMSO).

2.2. Animals and ethics {#s0020}
-----------------------

Mice were kept on a regular light/dark cycle (14/10) and fed a standard chow diet (Ssniff, Soest, Germany). 8--12 weeks old male C57Bl6J and CD2F/1 mice were injected with 0.5 × 10^6^ cancer cells/100 μl 1xPBS subcutaneously into the right flank. For the control group, 100 μl 1xPBS were injected subcutaneously into the right flank of non-tumor bearing mice. For Atglistatin© treatment, mice were given 200 μmol/kg mouse weight Atglistatin© mixed into high fat diet powder (Ssniff) to obtain maximum bioavailability 14 days prior to cancer cells injection. Mice were sacrificed 14--16 days after cancer cell injection by cervical dislocation. Tumors were snap frozen in liquid nitrogen directly after excision or were fixed in 4% PBS buffered paraformaldehyde to perform IHC. All procedures in this study were in conformity with the public health service policy on the use of laboratory animals and were approved by local and national ethical committees (GZ 66.007/0002-II/3b/2014).

2.3. ATGL silencing and ATGL overexpression in cancer cells and MEFs {#s0025}
--------------------------------------------------------------------

shControl (TR30021) and shATGL (TL302393B) expression constructs were purchased from OriGene (Rockville, Maryland, USA). The coding sequence of murine ATGL was amplified by PCR (primers 5′- GAT CCT CGA GGC CAC CAT GTT CCC GAG GGA GAC CAA-3′ and 5′- GAC TCC GCG GGC AAG GCG GGA GGC CAG GT-3′) \[[@bb0035]\]. The PCR product was digested with *Xho*I and *Sac*II (NEB, Ipswich, Massachusetts, USA) and ligated to the vector pECFP-N1 (Clontech-Takara Bio, France). The resulting plasmid was digested with XhoI and *Not*I and the DNA fragment encoding for the ATGL-ECFP fusion protein was ligated to the lentiviral vector pLVX-IRES-Puro using T4 DNA ligase (NEB). A control lentiviral vector encoding for ECFP was generated by digesting pECFP-N1 with *Xho*I and *Not*I and ligating the DNA fragment encoding for ECFP to pLVX-IRES-Puro. The sequence was verified by DNA sequencing (Microsynth, Balgach, Switzerland) prior to applications. Lentivirus containing media was prepared with LVX Tet-Off advanced inducible expression system (Clontech-Takara Bio). Cancer cells used for ATGL knockdown and ATGL overexpression studies were seeded in 6-well plates. After the cells grew to confluence, aliquots of lentiviral stocks were thawed and mixed gently. Then, 4 μg/ml polybrene was added to the lentivirus containing medium. After 24 h incubation with lentivirus containing medium, the medium was replaced by fresh growth medium containing G418 (0.5 mg/ml) and puromycin (4 μg/ml) to select for transduced cells. Adenoviruses containing recombinant mouse ATGL or empty vectors were prepared using the AdEasy system according to the manufacturer protocol \[[@bb0150]\]. Twenty-four hours after viral infection, cells were washed with 1xPBS and collected for different analyses.

2.4. Cell proliferation assays {#s0030}
------------------------------

2500 cells/cm^2^ MEFs were seeded in 0.1% gelatin coated 6-well plates. 1000 cells/cm^2^ cancer cells were seeded in 6-well plates. Cells were counted every 24 h using a hemocytometer (Bio-Rad TC20). Live cells were distinguished from dead cells by trypan blue.

2.5. TG hydrolase assay and cellular lipid content {#s0035}
--------------------------------------------------

Cultured cells were harvested using a cell scraper and washed three times with 1xPBS. Cell pellets were disrupted in solution A (0.25 M sucrose containing 1 mM EDTA, 1 mM DTT, 20 μg/ml leupeptine, 2 μg/ml antipain, and 1 μg/ml pepstatin) by sonication. Cell debris and nuclei were removed by centrifugation at 1000 *g* and 4 °C for 10 min. Protein concentration was determined using Biorad protein assay (Bio-Rad, Hercules, California, USA) and BSA as standard. TG hydrolase activity of cell lysates was measured as described previously \[[@bb0155]\]. In brief, 100 μg protein of cell lysate were incubated with a substrate containing glycerol trioleate \[9,10(N)-^3^H\]-emulsified with phosphatidylglycerol/phosphatidylinositol (Perkin Elmer, Germany) in the presence or absence of 50 ng/ml purified murine CGI-58 produced in *Escherichia coli*, and 40 μM Atglistatin© for 1 h at 37 °C. Thereafter, FAs were extracted, and radioactivity determined by liquid scintillation counting (Packard BioScience Company, Meriden, Connecticut, USA).

Lipids of cell lysates were extracted using Folch extraction, CHCl3: MeOH (2:1). 20% volume of H~2~O was added to the samples and mixed. The extracts were centrifuged at 2000 *g* and 4 °C for 10 min. The lipid-containing organic phase was evaporated and reconstituted in H~2~O containing 2.5% Triton X-100. Acylglycerol content was measured using Infinity™ triglycerides reagent (Thermo Fisher) and glycerol (Sigma-Aldrich) as standard. FA content was measured using NEFA-HR2 reagent (Wako Diagnostics, Mountain View, California, USA).

2.6. Cellular FA uptake and FA oxidation (FAO) {#s0040}
----------------------------------------------

MEFs were plated onto 0.1% gelatin-coated 6-well plates and cultured in DMEM. After reaching \~80% confluence, cellular FA uptake was determined by loading cells with 400 μM oleic acid (complexed to BSA, essentially FA-free, Sigma-Aldrich) and 0.4 μCi ^14^C-oleic acid (Hartmann analytic, Braunschweig, Germany) per well. After 1 min, cells were washed three times with 1xPBS. Thereafter, cells were lysed in 0.3 M NaOH/0.1% SDS, and an aliquot was used for liquid scintillation counting. Protein concentration of the lysate was determined using BCA reagent (Bio-Rad) and BSA as standard. FAO assay was performed according to the protocol of Hirschey et al. \[[@bb0160]\]. Briefly, MEFs were seeded in a 25-cm^2^ cell culture flask. After reaching \~80% confluence, MEFs were incubated with RPMI medium containing 0.8 mM oleic acid (complexed to FA-free BSA) for 6 h. Subsequently, MEFs were incubated with 0.8 mM oleic acid (complexed to FA-free BSA) and 0.05 μCi ^14^C-oleic acid (Hartmann Analytic) in RPMI medium per well for 2 h. For ^14^C-labeled CO~2~ trapping, a tube cap and a filter paper soaked with 20 μl 10 N NaOH was used. The covered filter paper was removed from the cap for scintillation counting. Cells were lysed in 0.25 ml 0.3 M NaOH/0.1% SDS for the determination of protein concentration using BCA reagent. Rates of FAO were calculated from the radioactivity that accumulated in the filter paper per hour and milligram cell protein.

2.7. Cellular glucose uptake {#s0045}
----------------------------

MEFs were plated onto 0.1% gelatin coated 6-well plates and cultured in DMEM. After reaching \~80% confluence, the medium was replaced by 1 ml of depletion medium (40 mM NaCl, 1.2 mM MgSO~4~, 1.2 mM KH~2~PO~4~, 4.7 mM KCl, 0.25 M CaCl~2~, 2% FA-free BSA) and incubated for 1 h at 37 °C. Subsequently, the medium was replaced by 1 ml of depletion medium with or without insulin (200 nM) and incubated for 15 min. Thereafter, the depletion medium was replaced by transport medium (40 mM NaCl, 1.2 mM MgSO~4~, 1.2 mM KH~2~PO~4~, 4.7 mM KCl, 0.25 M CaCl~2~, 5 mM 2-deoxyglucose) containing 0.5 μCi/well Deoxy-[d]{.smallcaps}-glucose, 2-\[1,2-^3^H (N)\] (Perkin Elmer, Germany). After incubation for 20 min, the glucose uptake was stopped by aspirating the medium. Cells were washed three times with 1xPBS and lysed with 0.3 M NaOH/0.1% SDS. An aliquot was used for liquid scintillation counting. Protein concentration of the lysate was determined using BCA reagent and BSA as standard.

2.8. Seahorse analysis and reactive oxygen species (ROS) measurement {#s0050}
--------------------------------------------------------------------

Oxygen consumption rate (OCR) and ATP production were assessed using a seahorse XFe96 analyzer in combination with the Seahorse XF Cell Mito Stress Test kit according to a standard protocol \[[@bb0165]\]. In brief, MEFs were plated in XF96 polystyrene cell culture microplates (Seahorse Bioscience) at a density of 10,000 cells per well. After cells reach a high confluency, cells were washed and preincubated for 30 min in unbuffered XF assay medium (0.8 mM MgSO~4~, 1.8 mM CaCl~2~, 143 mM NaCl, 5.4 mM KCl, 0.91 mM NaH~2~PO~4~) supplemented with 2 mM glutamax (Thermo Fisher Scientific), 10 mM glucose, 1 mM sodium pyruvate (Thermo Fisher Scientific) at 37 °C in a non-CO2 environment. OCR was subsequently measured every 7 min using an XF96 extracellular flux analyzer (Seahorse Bioscience). Optimal concentrations of specific inhibitors/accelerators of the electron transport chain were determined in prior titration experiments and working concentrations used were 1.5 μM oligomycin, 1 μM carbonyl cyanide-*p*-trifluoromethoxyphenylhydrazone (FCCP), and 2.5 μM antimycin A. Raw data were analyzed using Wave Desktop Software (Agilent, version 2.0). For ROS measurements, WT/AKO MEFs were washed with PBS and stained with 50 μM Dichloro-dihydro-fluorescein diacetate (DCF-DA) in PBS at 37 °C for 30 min. After the incubation, MEFs were washed three times with PBS. The DCF fluorescence of stained cells was measured using a fluorescence multi-detector. MEFs were lysed in 0.25 ml 0.3 M NaOH/0.1% SDS for the determination of protein concentration using BCA reagent and BSA as standard.

2.9. Immunohistochemistry (IHC) and haematoxylin/eosin (H&E) staining {#s0055}
---------------------------------------------------------------------

Formalin-fixed, paraffin-embedded tissue samples were sectioned, and stained with H&E according to standard histopathological techniques \[[@bb0170]\]. For IHC of tumor tissue slides we used CD31 (cat\#NCLKi67p, Novocastra, Newcastle, UK, 1:50 dilution). PCNA (cat\#NCLKi67p, Novocastra, Newcastle, UK, 1:50 dilution), and active Caspase-3 (cat\#NCLKi67p, Novocastra, Newcastle, UK, 1:50 dilution) antibodies. Antibody binding was visualized using AEC (cat\#3464, Dako, Glostrup, Denmark).

2.10. Quantitative real-time PCR {#s0060}
--------------------------------

Total RNA was extracted from murine tissues using TRIzol reagent according to the manufacturer\'s instruction (Life Technologies). Reverse transcription of RNA was performed using random primers (Life Technologies) and gene expression analyses were performed by qPCR using the CFX96 Real-Time PCR System (BioRad) and SYBR Green (Thermo Scientific) technology. Relative mRNA levels were quantified by ΔΔCt method. The following primers were used for PCR: *Atgl* (forward) 5′-GAGACCAAGTGGAACATC-3′ and (reverse) 5′-GTAGATGTGAGTGGCGTT-3′; *Cgi-58* (forward) 5′-TGGTGTCCCACATCTACATCA-3′ and (reverse) 5′-CAGCGTCCATATTCTGTT TCC A-3′; *G0s2* (forward) 5′-TAGTGAAGCTATACGTGCTGGGC-3′ and (reverse) 5′-GGCTGGCGGCTG TGAAAGGGT-3′.

2.11. Western blot analysis {#s0065}
---------------------------

Cultured cells were harvested using a cell scraper and washed three times with 1xPBS. Cell pellets were disrupted in solution A containing phosphatase inhibitors (Sigma-Aldrich) by sonication. Cell debris were removed by centrifugation at 1000 *g* and 4 °C for 10 min and the supernatant was collected. Protein concentration was determined using BioRad protein assay. Twenty μg protein were separated by SDS-PAGE and blotted onto PVDF membranes (Carl Roth). Proteins were detected by using the antibodies: GAPDH (Cat\# 2118S), ATGL (Cat\# 2138S), HSL (Cat\#4107), mTOR (Cat\# 2972), P-mTOR (Cat\# 2974S), P-S6K (Cat\# 9205), Bcl-XL (Cat\# 2762), Bcl-2 (Cat\# 2876S), AMPK and ACC Antibody Sampler Kit (Cat\# 9957) from Cell Signaling (Massachusetts, USA), MGL (100035) from Cayman Chemical (Michigan, USA) and respective horseradish peroxidase conjugated secondary antibodies (A120-201P, Bethyl laboratories Inc., Texas, USA). Signal densities were analyzed using BioRad ChemiDoc MP system.

2.12. Flow cytometry to detect apoptosis {#s0070}
----------------------------------------

Apoptotic cells were detected by Caspase-3 staining and flow cytometry. MEFs were harvested, washed twice with PBS, and re-suspended in FACS buffer (1xPBS, 0.5% BSA, 0.1% sodium azide). Cells were blocked 30 min at 4 °C with blocking buffer (1xPBS containing 5% goat serum) and fixed in 100 μl fix buffer (4% formaldehyde) for 15 min at room temperature. After washing the cells with FACS buffer two times, cells were incubated with Caspase-3 primary antibody (Cat \#9664, Cell signaling) diluted in IFA-Tx buffer (4% FCS, 150 nM NaCl, 10 nM HEPES, 0.1% sodium azide, 0.1% Triton X-100) for 60 min at 4 °C. After washing the cells with FACS buffer, cells were re-suspended and incubated with secondary antibody (DyLight 488, Cat\# 35553, Thermo Fisher) diluted in IFA-Tx buffer for 30 min at 4 °C. Thereafter, cells were washed with 1xPBS and re-suspended in 200 μl FACS buffer for subsequent analysis using the BD LSRFortessa FACS system.

2.13. Statistics {#s0075}
----------------

The data are shown as means + standard deviation (SD). Differences between two groups were analyzed using an unpaired Student\'s *t-*test and p value ≤ 0.05 and ≤0.01 were considered significant. All analyses were performed using Prism 5 software.

3. Results {#s0080}
==========

3.1. ATGL activity inversely correlates with MEF proliferation {#s0085}
--------------------------------------------------------------

To investigate the potential impact of ATGL on the proliferation of non-cancerous cells, MEFs and fibroblasts of the stroma vascular fractions (SVFs) were isolated from wild-type (WT) and ATGL knockout (AKO) embryos or WAT of adult mice. Compared to WT, AKO cells exhibited reduced TG hydrolase activity (−72.6% and −48.6%), increased intracellular TG content (3.7-fold and 2.0-fold), and higher proliferation rates ([Fig. 1](#f0005){ref-type="fig"}A--C, [Fig. S1](#f0030){ref-type="graphic"}A--C). To investigate whether ATGL interferes with cell proliferation via its enzymatic activity, we treated WT and AKO MEFs with Atglistatin©, a competitive ATGL inhibitor specific for murine ATGL \[[@bb0175],[@bb0180]\]. Similar to genetic ATGL ablation, pharmacological inhibition reduced TG hydrolase activity by 66.8%, leading to an accumulation of TG (2.6-fold) ([Fig. 1](#f0005){ref-type="fig"}D--E). Atglistatin© treatment increased the proliferation of WT but not AKO MEFs ([Fig. 1](#f0005){ref-type="fig"}F). As genetic and pharmaceutical inhibition of ATGL consistently promoted cell proliferation of MEFs, we wondered whether overexpressing ATGL would reduce proliferation. MEFs were isolated from WT embryos and transduced with adenovirus coding for murine ATGL or control adenovirus (control MEFs). Differences in ATGL protein expression were determined by western blot analysis ([Fig. S1](#f0030){ref-type="graphic"}D). Consistent with its function as a TG lipase, ATGL overexpression (ATGL-OE) increased TG hydrolase activity (24.3-fold) and reduced intracellular TG content (−64.8%) compared to control MEFs ([Fig. 1](#f0005){ref-type="fig"}G--H). ATGL overexpressing MEFs proliferated significantly slower compared to control MEFs ([Fig. 1](#f0005){ref-type="fig"}I). Taken together, these results indicate that ATGL activity negatively correlates with the proliferation rate of MEFs.

3.2. Absence of ATGL leads to a metabolic adaptation resulting in reduced AMPK phosphorylation and decreased apoptosis in MEFs {#s0090}
------------------------------------------------------------------------------------------------------------------------------

To assess whether the increased proliferation upon ATGL deletion is a consequence of metabolic adaptation, we first determined substrate utilization of WT and AKO MEFs. AKO MEFs exhibited decreased intracellular FA content (−69.8%) and reduced FA uptake rates (−25.3%), leading to reduced FA oxidation (FAO) (−37.9%) and reactive oxygen species (ROS) production (−43.5%) ([Fig. 2](#f0010){ref-type="fig"}A--D). In contrast, insulin independent glucose uptake was increased 1.4-fold ([Fig. 2](#f0010){ref-type="fig"}E). To examine whether reduced FAO affects cellular energy balance in AKO MEFs, we measured cellular respiration by seahorse analysis. Compared to WT MEFs, AKO MEFs exhibited reduced basal oxygen consumption (−70.2%) and ATP production (−75.5%), despite unchanged glycolytic rate, indicating limited mitochondrial capacity ([Fig. 2](#f0010){ref-type="fig"}F--H). Previous studies suggested that ATGL deficiency impairs phosphorylation of AMPK in MEFs \[[@bb0185]\]. A defect in AMPK signaling has been linked to enhanced cell proliferation of diverse cell types \[[@bb0105],[@bb0185]\]. ATGL deficient MEFs exhibited reduced AMPK phosphorylation compared to WT MEFs ([Fig. 2](#f0010){ref-type="fig"}I). The master regulator of cell proliferation and cell growth, mTOR, is negatively regulated by P-AMPK \[[@bb0190],[@bb0195]\]. Accordingly, phosphorylation of mTOR (Ser2481, P-mTOR) and its downstream target S6K (Thr389, P-S6K) were increased in AKO MEFs. The mTOR pathway suppresses apoptosis of cancer cells in response to energy stress \[[@bb0200], [@bib271]\]. In accordance with reduced P-AMPK and activated mTOR, the anti-apoptotic proteins BCL-XL and BCL-2 were increased ([Fig. 2](#f0010){ref-type="fig"}I) and cleaved Caspase-3 was reduced in AKO MEFs by 52.7% compared to WT MEFs ([Fig. 2](#f0010){ref-type="fig"}J). On the contrary, in ATGL overexpressing MEFs, we observed increased ROS production (1.6-fold), increased oxygen consumption (1.5-fold) and ATP production (1.4-fold), in parallel with increased P-AMPK, decreased P-mTOR and P-S6K, and reduced expression of the anti-apoptotic BCL-XL and BCL-2 ([Fig. S1](#f0030){ref-type="graphic"}D--I). Collectively, these data indicate that ATGL abundance determines intracellular FA concentrations, substrate utilization, and regulates apoptosis in primary cells, like MEFs.

3.3. ATGL silencing does not affect TG catabolism and proliferation of diverse cancer cells {#s0095}
-------------------------------------------------------------------------------------------

Prompted by the observation that reducing ATGL activity accelerates the proliferation of MEFs, we silenced ATGL expression in B16 (mouse melanoma), CT26 (mouse colon carcinoma), C26 (mouse colon carcinoma), LLC (mouse lung carcinoma), and HepG2 (human hepatic carcinoma) cancer cell lines by lentiviral small hairpin RNA (shATGL and shControl) ([Fig. S2](#f0035){ref-type="graphic"}A). Protein expression levels of other lipases, like HSL and MGL, were not affected upon ATGL knock-down in these cancer cells. ([Fig. S2](#f0035){ref-type="graphic"}A). ATGL silencing elicited negligible changes in TG hydrolase activity, intracellular TG content, and FA concentrations compared to control cells ([Fig. 3](#f0015){ref-type="fig"}A--C). ATGL silencing in B16, CT26, C26, HepG2, or LLC cells did not alter cell proliferation ([Fig. 3](#f0015){ref-type="fig"}D--E, [Fig. S2](#f0035){ref-type="graphic"}B--D), or the P-AMPK/AMPK ratio as observed upon ATGL silencing in MEFs ([Fig. S2](#f0035){ref-type="graphic"}E--F). The basal mRNA and protein levels of ATGL were low in these cancer cells ([Fig. S2](#f0035){ref-type="graphic"}G--I). To examine whether ATGL silencing affects tumor growth in vivo, we subcutaneously injected different shATGL and shControl cancer cells into mice. In line with unaltered cell proliferation in vitro, we did not observe any significant difference in tumor weight between shControl and shATGL transduced B16, C26, CT26, and LLC allografts 14 days after cancer cell injection ([Fig. 3](#f0015){ref-type="fig"}F).

To exclude that residual ATGL activity in shATGL cells masks ATGL dependent effects, we established tumorigenic precursor B lymphoma cell lines from WT and AKO mice using murine stem cell virus derived vectors that carried the human bcr-abl p185 oncogene ([Fig. S3](#f0040){ref-type="graphic"}A). Similar to shRNA mediated ATGL knockdown, the complete absence of ATGL did not affect cell proliferation, intracellular TG hydrolase activity, TG content, FA concentration, or tumor growth compared to WT B lymphoma cells ([Fig. S3](#f0040){ref-type="graphic"}B--G). We also investigated tumors derived from C57Bl6J mice inoculated with WT or AKO B lymphoma cells, for vascularization (cluster of differentiation 31, CD31), proliferation (proliferating cell nuclear antigen, PCNA), and apoptosis (active Caspase-3) by IHC as well as AMPK phosphorylation by western blot. No consistent differences in vascularization, proliferation, or apoptosis between AKO and WT B lymphoma tumor tissues were detected ([Fig. S3](#f0040){ref-type="graphic"}H--I). Additionally, we didn\'t observe any significant difference in the mRNA expression levels of CGI-58 and G0S2 in tumor tissues of mice bearing WT/AKO B lymphoma cells ([Fig. S3](#f0040){ref-type="graphic"}J).

3.4. Atglistatin© suppresses proliferation of diverse cancer cells independent of ATGL activity {#s0100}
-----------------------------------------------------------------------------------------------

So far, we failed to detect any hint that the absence of ATGL interferes with cancer cell proliferation. As previous publications demonstrated that inhibition of ATGL activity by Atglistatin© affects tumor cell proliferation \[[@bb0100]\], we undertook a further set of experiments. To investigate the effect of lipase inhibition on cancer cell proliferation in more detail, we specifically inhibited ATGL (Atglistatin©, AI), HSL (Hi-76-0079, HI), and MGL (JZL184, MI) activities in five different cancer cell lines. Atglistatin© treatment significantly reduced proliferation of all cancer cells we examined ([Fig. 4](#f0020){ref-type="fig"}A--B, [Fig. S4](#f0045){ref-type="graphic"}A--C), whereas inhibitors for HSL and MGL remained without any effect ([Fig. 4](#f0020){ref-type="fig"}A--B, [Fig. S4](#f0045){ref-type="graphic"}A--C). To assess whether Atglistatin© also impairs tumor growth in vivo, we fed mice an Atglistatin© containing diet or a control diet before and after cancer cell injection. Atglistatin© treated mice had significantly reduced weights of B16 (−27.5%), LLC (−28%), and CT26 (−22%) tumors as compared to non-treated control mice ([Fig. 4](#f0020){ref-type="fig"}C). To understand the contradicting results of ATGL silencing and pharmacological ATGL inhibition on cancer cell proliferation, we first asked whether the anti-proliferative effect of Atglistatin© resulted from reduced TG hydrolase activity. Atglistatin© efficiently reduced murine WAT lipolysis (−52.1%) but failed to reduce TG hydrolase activities in lysates of all tested cancer cell lines ([Fig. 4](#f0020){ref-type="fig"}D). As a consequence, intracellular TG and FA concentrations were unaltered in Atglistatin©-treated compared to vehicle-treated cells except for a minor increase in the cellular TG content of C26 cells ([Fig. 4](#f0020){ref-type="fig"}E--F). In contrast, pharmaceutical inhibition of HSL significantly decreased TG hydrolase activity in lysates of WAT (−55.5%), CT26 cells (−15.1%), and HepG2 cells (−20.1%) ([Fig. 4](#f0020){ref-type="fig"}D).

The absence of any effect of the ATGL inhibitor on TG catabolism, prompted us to ask whether the anti-proliferative effect of Atglistatin© was ATGL independent. Treatment of B lymphoma cells with Atglistatin© suppressed proliferation of WT and AKO B lymphoma cells ([Fig. S4](#f0045){ref-type="graphic"}D). Similarly, the proliferation of shControl and shATGL transduced B16 and CT26 cancer cells was impaired upon Atglistatin© treatment to the same extent ([Fig. S4](#f0045){ref-type="graphic"}E--F). Collectively, these results indicate that Atglistatin© reduces cell proliferation via a yet unknown mechanism independent of ATGL-mediated TG hydrolase activity.

3.5. Increasing ATGL mediated TG hydrolase activity represses proliferation of cancer cells {#s0105}
-------------------------------------------------------------------------------------------

So far, our results suggest that cancer cells exhibit low ATGL activity to sustain high proliferation rates. This implies that increasing ATGL activity reduces proliferation in these cancer cells. To test this concept, we stably expressed ATGL in cancer cells using lentivirus ([Fig. S5](#f0050){ref-type="graphic"}A). ATGL-OE consistently reduced proliferation of B16, C26, CT26, HepG2, and LLC cancer cells ([Fig. 5](#f0025){ref-type="fig"}A--B, [Fig. S5](#f0050){ref-type="graphic"}B--D). ATGL-OE increased TG hydrolase activities in B16 (14.0-fold), C26 (6.0-fold), CT26 (18.0-fold), HepG2 (3.1-fold), and LLC cells (2.7-fold) ([Fig. 5](#f0025){ref-type="fig"}C). Addition of 50 ng/ml purified CGI-58 further increased TG hydrolase activities in ATGL-overexpressing B16 (10.5-fold), C26 (11.3-fold), CT26 (12.0-fold), HepG2 (10.4-fold), and LLC cells (14.3-fold), but not in cancer cells transduced with control vectors ([Fig. 5](#f0025){ref-type="fig"}C). Atglistatin© did not affect TG hydrolase activity of control cancer cells, but reduced CGI-58-stimulated TG hydrolase activity of ATGL-OE B16 (−92.7%), C26 (−94.3%), CT26 (−93.7%), HepG2 (−93.2%), and LLC cells (−94.4%). Increased TG hydrolase activities led to reduced intracellular TG content and increased FA concentrations in ATGL-OE B16 (−25.2% TG, 1.7-fold FA), C26 (−36.7% TG, 1.6-fold FA), CT26 (−26.8% TG, 1.6-fold FA), HepG2 (−23.8% TG, 1.6-fold FA), and LLC (−34.9%, 1.9-fold FA) cells ([Fig. 5](#f0025){ref-type="fig"}D--E). The increased TG catabolism was paralleled by increased levels of P-AMPK in ATGL-overexpressing cells compared to controls ([Fig. S5](#f0050){ref-type="graphic"}E--F).

In summary, these results indicate that, at least in the five different cancer cell lines we used, TG hydrolase activity is not activated by CGI-58 or inhibited by Atglistatin©. Introducing ATGL into these cancer cells increases TG catabolism and suppresses proliferation.Fig. 1TG catabolism and proliferation of MEFs. (A, D, G) TG hydrolase activity of (A) WT/AKO MEFs, (D) WT MEFs, or (G) Control/ATGL-OE MEFs cell lysates in the absence or presence of 40 μM Atglistatin© (AI) or DMSO as vehicle control was determined using a radiolabeled TG substrate. (B, E, H) TG content of (B) WT/AKO MEF, (E) WT MEF or (H) Control/ATGL-OE MEFs in the absence or presence of 40 μM Atglistatin© or DMSO as vehicle control was determined after Folch extraction using a commercially available kit. (C, F, I) Proliferation of (C) WT/AKO MEFs, (F) WT/AKO MEFs in the absence or presence of 40 μM Atglistatin© or DMSO as vehicle control, or (I) Control/ATGL-OE MEFs was analyzed using a hemocytometer at the indicated timepoints. Data represent mean values of n = 3--6 ± sd. Significance was determined by student\'s *t*-test (\*p ≤ 0.05, \*\*p ≤ 0.01).Fig. 1Fig. 2Substrate utilization, respiration, AMPK phosphorylation, and apoptosis of WT/AKO MEFs. (A) FA content of WT/AKO MEFs was determined after Folch extraction using a commercially available kit. (B) For FA uptake, WT/AKO MEFs were incubated in the presence of ^14^C radiolabeled oleic acid. After 1 min radioactivity in the cell lysate was determined. (C) FAO of WT/AKO MEFs was determined using ^14^C labeled oleic acid and trapping of the generated radiolabeled CO~2~. (D) For ROS measurement, WT/AKO MEFs were washed with PBS and stained with 50 μM Dichloro-dihydro-fluorescein diacetate in PBS at 37 °C for 30 min. The fluorescence of stained cells was measured using a fluorescence multi-detector. (E) For glucose uptake, WT/AKO MEFs were incubated in the presence of ^3^H radiolabeled 2-deoxyglucose. After 15 min radioactivity in the cell lysate was determined. (F, G) OCR and ATP production were determined by the seahorse XFe96 analyzer in combination with the Seahorse XF Cell Mito Stress Test kit. (H) Basal glycolytic rate was determined by the seahorse XFe96 analyzer. (I) Protein expression levels of ATGL, P-AMPK (Thr172), AMPK, P-mTOR (Ser2481), mTOR, P-S6K (Thr389), BCL-XL, and BCL-2 in MEFs cell lysates were analyzed by western blot analysis. GAPDH was used as loading control. (J) Analysis of cleaved Caspase 3 by flow cytometry of WT/AKO MEFs. Data are presented as mean values of n = 3--5 ± standard deviation. Significance was determined by student\'s t-test (\*p ≤ 0.05, \*\*p ≤ 0.01).Fig. 2Fig. 3TG catabolism and proliferation of shControl/shATGL cancer cells. (A) TG hydrolase activity of shControl/shATGL cancer cells and white adipose tissue (WAT) was determined using cell/tissue lysates and a radiolabeled TG substrate. (B) TG content of shControl/shATGL cancer cells was determined after Folch extraction using a commercially available kit. (C) FA content of shControl/shATGL cancer cells was determined after Folch extraction using a commercially available kit. (D, E) Proliferation of shControl/shATGL (D) B16 and (E) CT26 cells was analyzed using a hemocytometer at the indicated timepoints. (F) Weights of shControl/shATGL allografts 14 days after cancer cell injection. Data are presented as mean values of n = 3--6 ± standard deviation. Significance was determined by student\'s t-test (\*p ≤ 0.05, \*\*p ≤ 0.01).Fig. 3Fig. 4The effect of Atglistatin on TG catabolism and proliferation of cancer cells. (A, B) Proliferation of (A) B16 and (B) CT26 cells in the presence and absence of 40 μM Atglistatin© (AI), 25 μM HSL inhibitor (HI), 20 μM MGL inhibitor (MI), or DMSO as control was determined with a hemocytometer at the indicated timepoints. (C) Tumor weights of mice injected with B16, C26, CT26, or LLC cancer cells and fed an HFD containing 200 μmol/kg Atglistatin© or a control HFD. (D) TG hydrolase activities of cancer cells treated with 40 μM Atglistatin©, 25 μM HI, or DMSO as vehicle control were determined using cell lysates and a radiolabeled TG substrate. (E) TG content of cancer cells treated with 40 μM Atglistatin© or DMSO as vehicle control was determined after Folch extraction using a commercially available kit. (F) FA content of cancer cells treated with 40 μM Atglistatin© or DMSO as vehicle control was determined after Folch extraction using a commercially available kit. Data are presented as mean values of n = 3--6 ± standard deviation. Significance was determined by student\'s t-test (\*p ≤ 0.05, \*\*p ≤ 0.01).Fig. 4Fig. 5TG catabolism and proliferation of Control/ATGL-OE cancer cells. (A, B) Proliferation of Control/ATGL-OE (A) B16 and (B) CT26 cells was analyzed with a hemocytometer at the indicated timepoints. (C) TG hydrolase activity of Control/ATGL-OE cancer cells and white adipose tissue (WAT) in the presence and absence of 50 ng/ml CGI-58 and 40 μM Atglistatin© (AI) was determined using cell/tissue lysates and a radiolabeled TG substrate. (D) TG content of Control/ATGL-OE cancer cells was determined after Folch extraction using a commercially available kit. (E) FA content of Control/ATGL-OE cancer cells was determined after Folch extraction using a commercially available kit. Data are presented as mean values of n = 3--6 ± standard deviation. Significance was determined by student\'s t-test (\*p ≤ 0.05, \*\*p ≤ 0.01 versus control group, ^\#^p ≤ 0.05, ^\#\#^p ≤ 0.01 versus ATGL-OE group; ^\$^p ≤ 0.05, ^\$\$^p ≤ 0.01 versus ATGL-OE + CGI-58 group).Fig. 5

4. Discussion {#s0110}
=============

Numerous studies have emphasized the fundamental role of ATGL in TG degradation in adipose and non-adipose tissues, providing new insights for cell physiology and the pathogenesis of metabolic diseases \[[@bb0210]\]. Our current knowledge on the role of ATGL on cell proliferation is controversial. Therefore, we explored how modifying ATGL expression affects cell proliferation and TG catabolism in various, highly proliferating cells including MEFs, stromal vascular fibroblasts, and cancer cell lines.

Our results demonstrate that ATGL activity negatively correlates with the proliferation rate of proliferating untransformed and transformed cancer cells. In MEFs, overexpression of ATGL decreased, while ATGL deficiency increased cellular TG levels and cell proliferation rates. These results are consistent with data suggesting that ATGL-mediated TG breakdown regulates cell cycle checkpoints and proliferation of primary hepatocytes \[[@bb0215]\]. Reduced ATGL expression and subsequently altered TG hydrolysis was shown to impair mitochondrial FAO, leading to a shift in substrate utilization in hepatocytes \[[@bb0220], [@bb0225], [@bb0230]\]. Using AKO MEFs, our study provides strong evidence for impaired FAO, decreased ROS production, and a substrate switch from FA to glucose oxidation as a compensatory mechanism to cope with the inability to hydrolyze TGs.

In many cell types AMPK activation inhibits cell proliferation via suppressing mTOR signaling and increasing apoptosis \[[@bb0190],[@bb0195]\]. Several canonical and non-canonical regulations, including ATP/AMP ratio, glucose starvation, ligands binding, DNA damage, calcium, and ROS production, activate this critical cellular energy sensor \[[@bb0235]\]. MEFs cultured with Trolox, an antioxidant that reduces cellular ROS levels, were shown to display reduced basal AMPK activation \[[@bb0240]\]. The finding that reducing ATGL activity impairs FAO and ROS production in MEFs, prompted us to speculate that reduced ATGL expression would also have an impact on AMPK and mTOR activity. Indeed, ATGL overexpression led to increased AMPK phosphorylation and decreased mTOR activation while ATGL silencing caused the opposite effect. It is attractive to speculate that these ATGL-mediated changes regulate apoptosis and cell proliferation and provide a mechanistic explanation for our observations.

In line with increased proliferation rates in ATGL deficient cells, mice globally lacking the enzyme spontaneously develop pulmonary neoplasia and adenocarcinoma \[[@bb0110]\]. Deficiency of both ATGL and HSL in adipose tissue leads to liposarcoma, suggesting a potential tumor-suppressive function of ATGL \[[@bb0120]\]. This points towards a potential role of ATGL as regulator of cell growth in cancer cells. When we linked proliferation rates and parameters of lipid metabolism in a panel of cancer cell lines to ATGL activity, we found that the enforced expression of ATGL increased TG hydrolase activity and limited cell proliferation. In contrast, ATGL silencing failed to alter TG catabolism or cell proliferation of different cancer cell lines. Similarly, the complete absence of ATGL in BCR-ABL transformed B lymphoma cells derived from AKO mice did not alter TG catabolism or cell proliferation. This is most likely due to the lack of any detectable ATGL mediated TG hydrolase activity in all tested cancer cells.

In line, ATGL mRNA expression levels are reduced in a mouse model of induced hepatocellular carcinoma \[[@bb0115]\] and significantly decreased in 14 human malignancies compared with their matched non-cancerous tissues \[[@bb0110]\]. Low ATGL expression in malignant disease may result from reduced expression of FOXO1, a transcription factor known to directly regulate ATGL transcription \[[@bb0245], [@bb0250], [@bb0255], [@bb0260]\]. Alternatively, increased Snail1 expression, a frequently upregulated EMT marker and oncogene may contribute to the ATGL down regulation \[[@bb0265]\]. The inability of Atglistatin to reduce-, and of CGI-58 to increase TG hydrolase activity suggest that the small amount of enzyme present is inhibited, either by HIG2 \[[@bb0045]\], G0S2 \[[@bb0050]\], or a yet unknown inhibitor of ATGL in cancer cells.

Reducing or deleting ATGL expression had little effect on cell proliferation or TG catabolism of cancer cells. A previous study provided evidence that pharmacological inhibition of ATGL by Atglistatin© inhibits proliferation of some cancer cell lines in a concentration dependent manner \[[@bb0100]\]. We confirmed that Atglistatin© treatment reduced the proliferation of cancer cells in vitro and the growth of tumors in vivo. Notably, the ATGL inhibitor did not affect TG hydrolase activity but suppressed the proliferation of AKO B lymphoma cells as well as of shATGL B16 and CT26 cells to the same extent as the respective WT or shControl cells. These data are consistent with a report that showed that Atglistatin© also suppresses the proliferation of human hepatocellular cancer cell lines while not interfering with human ATGL activity \[[@bb0100], [@bb0180]\]. These findings link the anti-proliferative effect of Atglistatin© on murine and human cancer cells to a yet unknown target and define them as off-target effects of the inhibitor independent of ATGL.

Collectively, our study indicates that ATGL activity suppresses cell proliferation. Accordingly, cancerogenesis is accompanied by a substantial reduction in ATGL expression and activity to escape the tumor-suppressor function of the enzyme. Future work is needed to (i) delineate the signaling pathways accounting for ATGL downregulation in malignancy, (ii) identify the molecular targets linking ATGL downregulation to spontaneous neoplasms formation, and (iii) test whether re-expression of ATGL represents a pharmacological strategy to control cancer cell growth.

The following are the supplementary data related to this article.Fig. S1TG catabolism and proliferation of WT/AKO SVFs as well as AMPK phosphorylation and respiration of control/ATGL-OE MEFs. (A) TG hydrolase activity of WT/AKO SVFs was determined using a radiolabeled TG substrate. (B) TG content of WT/AKO SVFs was determined after Folch extraction using a commercially available kit. (C) Proliferation of WT/AKO SVFs was analyzed using a hemocytometer at the indicated timepoints. (D) Protein expression levels of ATGL, P-AMPK (Thr172), AMPK, P-mTOR (Ser2481), mTOR, P-S6K (Thr389), BCL-XL, and BCL-2 in control/ATGL-OE MEFs cell lysates were analyzed by western blot analysis. GAPDH was used as loading control. (E) FA content of WT/AKO SVFs was determined after Folch extraction using a commercially available kit. (F) For ROS measurements, control/ATGL-OE MEFs were washed with PBS and stained with 50 μM Dichloro-dihydro-fluorescein diacetate in PBS at 37 °C for 30 min. The fluorescence of stained cells was measured using a fluorescence multi-detector. (G-H) OCR and ATP production of control/ATGL-OE MEFs were determined by the seahorse XFe96 analyzer in combination with the Seahorse XF Cell Mito Stress Test kit. (I) Basal glycolytic rate was determined by the seahorse XFe96 analyzer. Data are presented as mean values of n = 3--6 ± standard deviation. Significance was determined by student\'s *t*-test (\*p ≤ 0.05, \*\*p ≤ 0.01).Fig. S1Fig. S2Proliferation and AMPK phosphorylation of shControl/shATGL cancer cells. (A) Protein expression levels of ATGL, HSL, and MGL in shControl/shATGL cancer cell lines were analyzed by western blot analysis. GAPDH was used as housekeeping protein. Equal protein loading was also verified by Coomassie blue staining of the membrane. (B-D) Proliferation of shControl/shATGL (B) C26, (C) HepG2, and (D) LLC cells was analyzed using a hemocytometer at the indicated timepoints. (E) P-AMPK (Thr172) and AMPK protein abundance in shControl/shATGL cancer cells was analyzed by western blot analysis. GAPDH was used as loading control. (F) Relative phosphorylation level of AMPK in shControl/shATGL cancer cells was determined by densitometric quantification of the immunoblots. (G) ATGL mRNA expression in murine cancer cell lines and MEFs was analyzed by qPCR. (H) ATGL protein abundance in murine cancer cell lines and MEFs was analyzed by western blot analysis. GAPDH was used as loading control. (I) Relative protein expression level of ATGL in mouse cancer cells and MEFs was determined by densitometric quantification of the immunoblots. Data are presented as mean values of n = 3--6 ± standard deviation. Significance was determined by student\'s *t*-test (\*p ≤ 0.05, \*\*p ≤ 0.01).Fig. S2Fig. S3TG catabolism and proliferation of WT/AKO B lymphoma cells. (A) Protein expression level of ATGL in WT/AKO B lymphoma cells was analyzed by western blot analysis. (B) Proliferation of WT/AKO B lymphoma cells was analyzed using a hemocytometer at the indicated timepoints. (C) TG hydrolase activity of WT/AKO B lymphoma cells was determined using cell lysates and a radiolabeled TG substrate. (D) TG content of WT/AKO B lymphoma cells was determined after Folch extraction using a commercially available kit. (E) FA content of WT/AKO B lymphoma cells was determined after Folch extraction using a commercially available kit. (F) Weights of WT/AKO allografts 14 days after B lymphoma cell injection. (G) Representative images show H&E staining of WT/AKO allografts. Scale bar, 20 μm. (H) Representative images show IHC using antibodies against active Caspase-3, PCNA, and CD31 in WT/AKO allografts. Scale bar, 20 μm. (I) Protein expression levels of ATGL, P-AMPK (Thr172), AMPK, P-mTOR (Ser2481), and mTOR in WT/AKO B lymphoma tumor tissue lysates and shControl/shATGL C26 tumor tissue lysates were analyzed by western blot analysis. GAPDH was used as loading control. (J) CGI-58 and G0S2 mRNA expression levels in tumor tissues were analyzed by qPCR. Significance was determined by student\'s *t*-test (\*p ≤ 0.05 versus MEF, \*\*p ≤ 0.01 versus MEF). Data are presented as mean values of n = 3--6 ± standard deviation.Fig. S3Fig. S4The effect of Atglistatin© on proliferation of cancer cells. (A-C) Proliferation of (A) C26, (B) HepG2, and (C) LLC cells in the presence and absence of 40 μM Atglistatin© (AI), 25 μM HSL inhibitor (HI), 20 μM MGL inhibitor (MI), or DMSO as control. (D-F) Proliferation of (D) WT/AKO B lymphoma cells, (E) shControl/shATGL B16, and (F) shControl/shATGL CT26 cells in the presence and absence of 40 μM Atglistatin©. Proliferation was determined by seeding equal amounts of cells and counting the cells using a hemocytometer at the indicated timepoints. Data are presented as mean values of n = 6 ± standard deviation. Significance was determined by student\'s t-test (\*p ≤ 0.05, \*\*p ≤ 0.01).Fig. S4Fig. S5Proliferation and AMPK phosphorylation of Control/ATGL-OE cancer cells. (A) Protein expression level of ATGL in Control/ATGL-OE cancer cells was analyzed by western blot analysis. GAPDH was used as loading control. (B-D) Proliferation of Control/ATGL-OE (B) C26, (C) HepG2, and (D) LLC cells was determined by seeding equal amounts of cells and counting the cells using a hemocytometer at the indicated timepoints. (E) Protein expression levels of P-AMPK (Thr172) and AMPK in Control/ATGL-OE cancer cells were analyzed by western blot analysis. GAPDH was used as loading control. (F) Relative phosphorylation level of AMPK in shControl/shATGL cancer cells was determined by densitometric quantification of immunoblots. Data are presented as mean values of n = 3--6 ± standard deviation. Significance was determined by student\'s t-test (\*p ≤ 0.05, \*\*p ≤ 0.01).Fig. S5
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